Abstract: Conodont biofacies of the Lublin and Łysogóry-Radom basins in SE Poland have been analysed in five cored borehole sections in a narrow interval of the middle Givetian Polygnathus ansatus Zone, corresponding to the global Taghanic transgression. Assemblages exhibiting various proportions of dominant genera, Icriodus (I) and Polygnathus (P), as well as particular P species and a few accessory taxa, reflect both temporal transgression dynamics and lateral facies changes. The latter comprise transition from a brackish lagoon with intermittent open-marine influence, to a carbonate shoal and offshore marly shelf, generally characterized by P-I biofacies, but with a varying proportion of constituent genera and polygnathid species. Comparison of the Polish record with stratigraphically well-constrained, quantitative biofacies evidence worldwide allowed the construction of a 2D nearshore-offshore model for the Euramerican epicontinental faunas connected with Taghanic transgressive facies. The I/P ratio has a diagnostic value for specific subenvironments (very nearshore/shallow-water and drowned platform) but for other settings the Polygnathus ansatus to Polygnathus linguiformis ratio appears more useful. The Moroccan faunas display specific biofacies patterns tentatively explained by different climatic conditions. The conodont biofacies concept has a limited application for palaeogeographically isolated settings, including pelagic-oceanic areas of microcontinents or submarine rises. In other cases (Eastern Australia), palaeobiogeographical bias precludes direct comparisons with the Euramerican model.
Although conodont animals are still enigmatic in many respects (e.g. Blieck et al. 2010; Murdock et al. 2013) , the conodont biofacies concept proved to be useful in palaeoenvironmental interpretations of Palaeozoic and Triassic deposits (Seddon & Sweet 1971; Druce 1973; Sweet 1988; Pohler & Barnes 1990) . The Devonian biofacies models are among the most elaborate, with particularly advanced Late Devonian schemes (Sandberg 1976; Dreesen & Thorez 1980; Sandberg & Dreesen 1984; Sandberg et al. 1988 Sandberg et al. , 1989 Sandberg et al. , 1992 Ziegler & Sandberg 1990; Belka & Wendt 1992) . Published Middle Devonian conodont biofacies interpretations are fewer and less detailed than the Late Devonian ones, often referring to wide stratigraphical intervals (Bultynck 1976; Schumacher 1976; Weddige & Ziegler 1976; Sparling 1984) . Stratigraphic generalizations may lead to neglecting of evolutionary factors, for example, speciation or extinction, that provide an independent background against which ecologically controlled biofacies patterns are to be analysed (Narkiewicz & Narkiewicz 2011 ; see also Belka & Wendt 1992) . Moreover, such a general approach may lead to ignoring the complexities of a sedimentary record that reflect environmental changes influencing a succession of conodont assemblages.
Previous studies defined Devonian conodont biofacies either qualitatively, by determining dominant forms (e.g. Seddon & Sweet 1971; Druce 1973; Chatterton 1976; Schumacher 1976) , or quantitatively, by establishing numerical proportion of component form genera in studied assemblages (e.g. Sandberg 1976; Sandberg & Dreesen 1984; Belka & Wendt 1992 ). In the case of the Middle Devonian this approach was often based on a relative abundance of the two most common platform genera, Icriodus Mehl, 1938 and Polygnathus Hinde, 1879 . Accordingly, such an icriodid to polygnathid elements ratio (I/P) was thought to reflect a range of nearshore shallow-marine to offshore deeper-marine biotopes (Weddige & Ziegler 1976; Klapper & Barrick 1978; Sparling 1984) . Nevertheless, some of the authors were also able to demonstrate that certain species are indicative of particular environments (Schumacher 1976; Sparling 1983 Sparling , 1984 Klapper & Lane 1985; Sandberg et al. 1992) .
In the present paper we analyse conodont biofacies of the Taghanic transgressive interval in the middle Givetian Polygnathus ansatus Zone (¼former Middle Polygnathus varcus Zone; Ziegler et al. 1976) . The transgression initiated one of the most prominent and long-lasting marine onlaps during the Devonian, corresponding to the IIa cycle of Johnson et al. (1985; see also Johnson 1970; House 1983 House , 1985 Johnson et al. 1996) . Recently, there have been divergent approaches to defining the onset of the Taghanic transgression (e.g. Brett et al. 2011) . In the present paper we adopt the traditional stratigraphical approach, in the sense of the refined IIa -Tagh depophase of Aboussalam & Becker (2011) . The starting point for our considerations is the record of the Łysogóry-Radom and Lublin basins in SE Poland, whose stratigraphical framework and depositional history have been investigated recently in detail (K. Narkiewicz 2011; M. Narkiewicz 2011a, b; M. . The regional Polish data and interpretations are then compared with global data available from selected basins covering a wide range of palaeogeographical and facies settings (Fig. 1) .
Although the duration of the ansatus Zone is c. 1 Ma (Kaufmann 2006) , the investigated transgressive interval may have corresponded to a few hundred thousand years. This is suggested by the observation that the initial Taghanic transgression is traced in the upper part of the zone, as implied by carbon isotope data of Buggisch & Joachimski (2006; see also Aboussalam 2003) . The transgressive pulse induced various biotic events and processes (Klapper & Johnson 1980; House 2002; Aboussalam & Becker 2011; Brett et al. 2011) , although it did not involve any major conodont extinctions or speciations (Aboussalam & Becker 2011) . The purpose of our study is to improve our understanding of the environmental factors that controlled conodont distribution around this important stratigraphic interval. This may have further biostratigraphical and palaeoenvironmental implications for elucidating the dynamics of both eustatic and biotic events during mid-Givetian times.
Palaeogeographical and stratigraphic background of the Polish sections
Lublin Basin, located on a stable basement of the East European Craton, is characterized by the Middle Devonian carbonate, terrigenous and evaporitic marginal-marine to shallow open-shelf facies attaining a thickness of c. 200 m. The sediments pinch out and become progressively more terrigenous north-and eastwards, towards the lowrelief land areas (Fig. 2) . In contrast, the sedimentation rates in the Łysogóry-Radom Basin were much higher, leading to the accumulation of up to 1400 m of strata. Open-marine calcareous -clayey sediments dominate over restricted-marine terrigenous facies.
The uppermost Lower Devonian and entire Middle Devonian of the Lublin Basin are ascribed to the Telatyń Formation (Narkiewicz 2011b) . Five transgressive-regressive cycles, labelled T-1 to T-5, can be traced within the formation, based on core descriptions and wireline-log data (Narkiewicz 2011b; Fig. 3 ). Chronostratigraphical data and the regular facies succession suggest predominant eustatic controls on the depositional Fig. 2 . Investigated borehole sections in SE Poland localized against the general tectonic framework and primary sediment thickness distribution of the Middle Devonian in the Lublin and Łysogóry-Radom basins (modified after architecture, without any considerable influence of synsedimentary tectonics . The cycle T-4 base has been attributed to the ansatus Zone of the middle Givetian (Narkiewicz & Bultynck 2007; Narkiewicz 2011 ). Thus, the recent studies confirmed earlier interpretation of these deposits by Narkiewicz & Narkiewicz (1998) , who attributed them to the onset of the IIa eustatic cycle, i.e. the initial Taghanic transgression as defined by Johnson et al. (1985) .
The considerable influence of regional tectonics on local facies patterns hampers the interpretation of eustatic events and cycles in the Middle Devonian of the Łysogóry-Radom Basin (Narkiewicz 2011a) . The ansatus Zone has been identified here in the clayey-silty deposits of the Łaziska Member (Mbr) of the Ba˛kowa Formation (Narkiewicz 2011 
Materials
The quantitative biofacies analysis of the conodont assemblages from SE Poland was based on 407 platform and selected non-platform elements determined in 14 samples from 5 borehole sections shown in Figure 2 . Representatives of four genera have been investigated: Polygnathus, Icriodus, Belodella Ethington, 1959 and Neopanderodus Ziegler & Lindström, 1971 (Table A1 ). The first two genera dominate, whereas the remaining two are poorly represented. Sampling and sample processing procedures, as well as taxonomic and biostratigraphical considerations, are presented by Narkiewicz & Bultynck (2007) and Narkiewicz (2011) .
The investigated assemblages contain elements exhibiting various shapes and sizes (Narkiewicz & Bultynck 2007) , and apparently are not hydrodynamically sorted. Therefore it is likely that they reflect primary fossil communities (cf. Broadhead et al. 1990; McGoff 1991) . On the other hand, however, platform elements are much more abundant than ramiform and coniform ones (see Table A1 ) and thus proportions are inverse to those in reconstructed conodont apparatuses (Klapper & Philip 1971; Nicoll 1982 Nicoll , 1985 Klapper & Barrick 1983; Sandberg & Dreesen 1984; Sweet 1988; Bultynck 2003) . Most probably, the non-platform elements were selectively destroyed due to both taphonomic processes (Broadhead et al. 1990 ) and sample processing. It may be argued, however, that those factors did not considerably influence the relative proportions of the platform elements that are the main subject of further considerations.
For comparative purposes we selected eight areas (located in Fig. 1 ) representing different widely distributed palaeogeographical and facies settings of the Taghanic transgression, and that have been adequately described in published papers. The most important criteria for our selection were: (1) good stratigraphical constraints of a transgressive event, indicating the presence of the ansatus Zone; (2) availability of quantitative data on conodont distribution and abundance, allowing us to define both conodont biofacies and the frequency of the key taxa; and (3) reliable palaeoenvironmental interpretations. In some analysed sections there is no apparent record of the transgressive interval within a generally deeper-water facies. These examples were nevertheless included in our considerations as they furnish valuable information on conodont biofacies variability in the critical interval. More information on particular localities and data sources is given below.
In the case of the Lower Tully Limestone of New York State in the USA (Heckel 1973) we based our comparison both on published data (Huddle 1981) and unpublished material from three samples collected by Pierre Bultynck in 1972. Two samples are from the Fabius Bed and ?Tully Valley Bed at the base of the Moravia 5b section and one sample is from the upper part of the Carpenter Falls Bed in the Bellona 9a section (Heckel 1973) . Preliminary investigations included taxonomic assignments and specimen counts used for a quantitative biofacies determination.
Methodological remarks
The notion of the 'conodont biofacies' as applied here, refers to an assemblage defined based on a relative abundance of representatives of one or two dominant genera collectively, forming at least 75% of all platform elements (Sandberg et al. 1988) . For example, the icriodid biofacies is an assemblage in which the genus Icriodus is represented by at least 75% of individuals in a sample, while in the polygnathid-icriodid (P-I) biofacies, elements attributed to Polygnathus and Icriodus represent together 75% or more, and the first genus dominates.
It is obvious that the higher the condont abundance in a sample, the more reliable the biofacies determination. The lower limit of the conodont frequency per sample was established by Belka & Wendt (1992) as 50 and by Bultynck et al. (1998) as 30 specimens. In the investigated Polish deposits the conodont frequencies are generally low, often a few to a dozen individuals or so (Narkiewicz & Bultynck 2007; Narkiewicz 2011) . For purposes of the present investigations, a lower limit of 20 specimens was adopted, similar to that suggested by Klapper & Lane (1985) for Frasnian shallowshelf facies. In a few cases, cumulative abundance from closely located samples (≤0.5 m) representing the same lithofacies was accepted. The only exception was the Terebiń IG 5 section for which the samples from a 2.6 m interval were cumulated (Table A1) .
Conodont biofacies patterns in SE Poland
Investigations of the Lublin Basin sections allowed the analysis both of the vertical succession of conodont biofacies and their lateral variability. All the platform genera were included and the characteristic species Polygnathus ansatus Ziegler, Klapper & Johnson, 1976 and Polygnathus linguiformis Hinde, 1879 were considered separately. Identification of the latter species is usually straightforward even for broken specimens, owing to the peculiar platform shape. Polygnathus ansatus is less characteristic and it cannot be totally excluded that its frequency is underestimated as some broken specimens could have been classified as Polygnathus sp. (Table A1 ). Information on the lithology and macrofauna of the sampled intervals is summarized in Table 1 .
Vertical succession
In the Giełczew PIG 5 section six assemblages from the depth interval 2017.9-2002.5 m were investigated (Fig. 4) . For the assemblages from 2017.6 to 2017.5 m and 2010.7 to 2010.6 m (cf . Table A1 ), cumulated data from two samples were used for each interval.
In the nodular wackestones forming the T-4 cycle base, a characteristic vertical succession can be observed: from the P-I biofacies with a maximum P. ansatus proportion, to the polygnathid (P) one (Fig. 4) . Belodella is an accessory element whose percentage decreases from 5 to 2%. The initial small diversity of the dominant genera (two species in each) notably increases upwards (five species each) and then drops to two polygnathid and one icriodid (I) species. Among the icriodids the most abundantly represented species is Icriodus latecarinatus Bultynck, 1974 . In the assemblage from 2010.6 to 2010.7 m (P-I biofacies) the polygnathid diversity is similar to that in the assemblage below (see Table A1 ), but the P. ansatus proportion drops by half, whereas the P. linguiformis percentage increases. The number of Icriodus species increases to three but the number of specimens decreases (Table A1) .
Higher in the section (2002.5-2003 .0 m) two assemblages are composed almost exclusively of icriodids whose diversity increases to four and five species, respectively. Icriodus difficilis Ziegler, Klapper & Johnson, 1976 dominates, attaining a proportion of 25% in each assemblage.
In the Korczmin IG 1 section three assemblages were investigated, including depth intervals of 2492.3-2492.0 m and 2489.0-2488.6 m ( Fig.  4 ; Table A1), which comprise cumulated material from separate but closely located samples. Moreover, the assemblage from the depth 2485.0 m with only 19 specimens has been exceptionally taken into account as it supplements the vertical succession pattern. The oldest assemblage is ascribed to the P-I biofacies showing a low diversity of both component genera, three and two species, respectively, and a large proportion of P. linguiformis and P. ansatus. The middle assemblage is characterized by the P biofacies, with three polygnathid species dominated by P. linguiformis. The diversity of slightly less abundant icriodids remains unchanged. In the upper assemblage (P-I biofacies) the number of species of both genera is similar. The percentage of still dominant P. linguiformis drops while that of P. ansatus remains the same. Among icriodids, I. eslaensis van Adrichem Boogaert, 1967 attains a high percentage (26%).
Lateral variability
In order to investigate the lateral variability of biofacies in the Lublin Basin we compared the conodont assemblages from the lowermost 1 -4 m of the T-4 cycle in the Giełczew PIG 5, Komarów IG 1, Korczmin IG 1 and Terebiń IG 5 sections ( Fig  5) . Observations of the vertical variability (cf. previous section) were used to define assemblages exhibiting a consistent biofacies in the Giełczew PIG 5 section (cumulated assemblages for the depth interval 2017.5-2017.9 m) and in Korczmin IG 1 (2492.0-2492.3 m).
All investigated assemblages belong to the P-I biofacies but a closer examination of proportions of different forms reveals two extreme variants represented by the Terebiń IG 5 and Korczmin IG 1 sections. In the first one, Polygnathus has its smallest proportion (52%), P. ansatus is rare (6%) and icriodids are relatively more frequent (36%). Representatives of Belodella (9%) and Neopanderodus (3%) are accessory components but attain the highest percentages in comparison to assemblages from other sections. In the Korczmin IG 1 section the genus Polygnathus and its ansatus and linguiformis species attain maximum percentages (68, 29 and 23%, respectively). Notable is the total lack of Belodella and Neopanderodus. The assemblages from the sections Giełczew PIG 5 and Komarów IG 1 exhibit an intermediate composition between both extremes described above. They are characterized by a nearly identical proportion of polygnathids (61 and 62%) and similar percentages of P. ansatus (22 and 21%), and P. linguiformis (10 and 14%), respectively. In addition, icriodids occur in a similar proportion (36 and 38%). In the Giełczew PIG 5 section, Belodella (3%) is an accessory component.
The ansatus Zone assemblage from the depth of 2116 m in the Ba˛kowa IG 1 section located in the Łysogóry-Radom Basin was analysed for comparison with the Lublin Basin. If the overlying Kunegundów Mbr records the IIa eustatic cycle , the investigated assemblage may be slightly older than those analysed from the Lublin Basin. The polygnathid to icriodid proportion is identical as in the Komarów IG 1 section (56 and 44%, respectively), while percentages of P. ansatus and P. linguiformis (16% each) are similar. The species diversity is nevertheless larger, attaining three polygnathid and five icriodid species.
Interpretation
The successions of biofacies of the T-4 cycle in the Giełczew PIG 5 and Korczmin IG 1 sections exhibit patterns that can be related to the Taghanic transgression development (Fig. 6 ). Openmarine facies encroaching the areas of the former marginal-marine sedimentation hosted diverse conodont assemblages. During the initial phase, icriodids were still important (P-I biofacies) while species diversity was low. The maximum percentage of P. ansatus indicates that the species was among the first forms occupying new niches created during the transgression. In the successive stage, the P biofacies replaced the P-I one, which is here interpreted as the maximum flooding phase associated with maximum water depths. A characteristic peak with a relative P. linguiformis abundance and a drop of the P. ansatus percentage may be related to the most openmarine and/or deepest-water preferences of the former species as compared to the entire conodont assemblage. The subsequent recurrence of the P-I biofacies is associated with evidence of a regression, i.e. the appearance of shaly, probably intermittently estuarine or lagoonal facies, with plant and fish remains (Giełczew PIG 5), or open-marine facies but with a stronger terrigenous admixture in the carbonates (Korczmin IG 1) ( Table 1) . Notable are an overall drop in the P. linguiformis percentage and variable P. ansatus occurrences. It seems surprising that a few Belodella representatives appeared only in the early transgressive phase and during the highstand, that is, in the P biofacies. Belodella disappears with the first signs of the regression, which seems to depart from a simple shallow-water and/ or nearshore interpretation of a Middle Devonian palaeoecology of this genus (e.g. Chatterton 1976; Sparling 1983 ). Perhaps the additional factor limiting belodellid habitats was a water turbidity evidenced by an increased terrigenous admixture.
An increasing regressive trend is shown by the appearance of unfossiliferous siltstones and heteroliths in the Korczmin IG 1 section, and clayeymarly shales with plant material in Giełczew PIG 5 (Fig. 4) . These are succeeded by shallow-water carbonates characterized by the I biofacies, marking a subordinate transgressive pulse (Fig. 6) . The same taxonomic diversity as at the onset of the transgression, and the introduction of a cosmopolitan I. difficilis (Table A1 ), suggest that the assemblage, although being generally shallow-water, was still under open-marine influences promoting faunal migration. The short-lived period of openmarine conditions was terminated by the appearance of restricted lagoonal conditions marking a prolonged regression. The following transgressive phase of the T-5 cycle (Fig. 5) reflects the successive eustatic IIb cycle of Johnson et al. (1985; .
The T-4 transgression invaded near-coastal environments with a generally flat topography. Thus it may be assumed that its beginning was a geologically instantaneous event in the Lublin Basin, and consequently the assemblages in the basal part of the cycle (Fig. 5 ) reflect lateral environmental gradients in the initial transgressive phase. These assumptions are partly confirmed by largely uniform ecological conditions as evidenced by the uniform P-I biofacies (Fig. 5) . The extreme biofacies variants described above represent an estuary or a brackish lagoon with intermittent open-marine influences (Terebiń IG 5) and an open carbonateshaly shelf located in a more offshore position (Korczmin IG 1) (Fig. 7) . The former environment is evidenced by prevailing grey -greenish shales with a minor carbonate content and containing plant remains and impoverished fauna, punctuated by thin burrowed wackestones with brachiopods and crinoid remains (Narkiewicz 2011b Bathymetry is the most problematic aspect of the reconstruction shown in Figure 7 . In general, the maximum palaeo-water depths presumably did not exceed a few tens of metres and this was also most probably an order of magnitude of the sea-level rise during the T-4 transgression (Narkiewicz & Narkiewicz 1998; . Brackish lagoons or estuaries in the relatively nearshore Terebiń IG 5 area could have been even shallower, although their main attribute may have been freshwater influence. In Figure 7 we assume the presence of a carbonate shoal that separated the Terebiń IG 5 area from a distal part of the shelf. Such a discontinuous barrier, allowing influx of normal marine waters, could protect quiet muddy palaeoenvironments to the east. The outer slopes of the barrier were the sites of a carbonate sedimentation (Giełc-zew PIG 5) grading seawards into slightly deeperwater marly muds (Komarów IG 1, Korczmin IG 1). Figure 7 shows the occurrence of particular conodont taxa, stressing their relative abundance in different depositional environments, which presumably reflects ecological preferences of the respective genera and species. It appears that the most nearshore/shallow-water element is Belodella, whose preferences are more complex, perhaps related also to less turbid waters. Its presence in the Terebiń IG 5 assemblages can be connected to an episode of a more open-marine carbonate deposition (cf. Table 1) .
Representatives of Icriodus and Polygnathus commonly co-occur in the studied assemblages, although in variable proportions, reflecting their proximity to a basin margin. This indicates generally overlapping ecological preferences under the fairly uniform conditions of the initial transgression phase. During the course of the transgression, however, the conditions changed towards relatively deeper water, which led to a considerable elimination of icriodids during the maximum flooding phase. Subsequently, polygnathids lost their importance at the expense of icriodids with the onset of a regression. Polygnathus linguiformis and P. ansatus reach their peak abundance in the 'most offshore' Korczmin IG 1 section. Well-documented occurrences of I. latecarinatus, the species being remarkably abundant in the Giełczew PIG 5 section, are known only from Europe and are indicative of shallow-water facies (see Bultynck 1974, fig. 2,  1987, fig. 2 ). This may suggest specific environmental conditions probably due to a carbonate shoal vicinity (Fig. 7) .
There is a remarkable similarity between the conodont biofacies in the Lublin Basin (particularly in Komarów IG 1) and the Łysogóry-Radom Basin. The Komarów IG 1 section is a representative of an open carbonate -shaly shelf located more distally than the clayey-silty shelf interpreted for Ba˛kowa IG 1 (Fig. 2; Table 1 ). The ansatus Zone assemblage from the latter section (Table A1 ) is related to an episode of carbonate deposition, favouring conodonts typical of offshore, less land-influenced facies. Nevertheless, the above comparison demonstrates that very similar conodont assemblages can occur in different palaeogeographical areas and may accompany different depositional systems of the ansatus Zone. Table 2 summarizes data on litho-and biofacies for selected localities with a well-constrained stratigraphical record of the ansatus Zone in different palaeogeographical and facies settings. Short comments on each locality are given below.
Review of the global record

Boulonnais (northern France)
Available data suggest a vertical biofacies gradient: out of three analysed samples, the two lower can be assigned to the I-P biofacies (with accessory Tortodus Weddige, 1977) , whereas the upper one exhibits predominance of icriodids over polygnathids (90% v. 10%; I biofacies) and a lack of Tortodus. Both P. linguiformis and P. ansatus are lacking, and the age determination of the Couderousse Mbr (Table 2) was possible owing to the co-occurrence of Polygnathus alatus Huddle, 1934 (first appearance in the ansatus Zone) and Polygnathus pseudofoliatus Wittekindt, 1966 (last occurrence in the same zone) (Narkiewicz & Bultynck 2010; Walliser & Bultynck 2011) . The biofacies gradient corresponds to a shallowing-upward trend towards the overlying Bastien Mbr (Pelhate & Poncet 1988) .
Ardennes (Belgium)
The studied material was obtained from two complementary sections of the Flohimont Mbr at fig. 9 ) and P. cf. P. ansatus (Fig. 8) in sample 6 from a basal part of the Flohimont Mbr (for sample location see Bultynck et al. 2001) .
The new data suggest that the transgressive basal part of the Fromelennes Formation corresponds to the base of the Taghanic Stage, as proposed earlier by Klapper & Johnson (1980, fig. 1 ). The roadcut section exposes well-bedded marly limestones, partly nodular, with platy and branching tabulate corals, branching stromatoporoids, brachiopods, tetracorals and crinoids. Conodonts are moderately abundant reaching tens to .100 specimens per sample. The I biofacies is typical, while the I -P biofacies is less common, with I. latecarinatus dominating among icriodids. The member is more shaly upwards and the macrofauna becomes less diverse, composed mostly of brachiopods and gastropods while conodonts gradually disappear.
Manitoba (Canada)
The lowermost parts of the analysed sections of Mbr B of the Dawson Formation exhibit a maximum conodont abundance, generally more than 100 specimens per sample, probably connected with a low sedimentation rate at the beginning of the transgression. A basal I-P biofacies is characterized by relatively abundant icriodids (.50%) and less common polygnathids including P. ansatus (2-10%) but lacking P. linguiformis. More than 2 m above the base of the sections, less abundant assemblages (,50 specimens per sample) are characterized by the appearance of P -I and even P biofacies in addition to I-P. Polygnathus ansatus may be locally abundant (.4%, up to 41%), P. linguiformis appears in some samples (up to 26% in a single sample) and Belodella is an accessory element.
New York (USA)
There are divergent views on the stratigraphical position of the Taghanic unconformity (¼Taghanic transgression level). According to the majority of previous authors it corresponds to the base of the Tully Formation (e.g. House 1983; Johnson et al. 1985; Aboussalam & Becker 2011 ), whereas Brett et al. (2011 place it at the base of their Middle Tully (¼base of the Carpenter Falls Bed), and thus within the Lower Tully sensu Heckel (1973) . In our biofacies analysis we considered only the Lower Tully as defined by Heckel (1973) . Averaged data for the Lower Tully, based on a collection of 1337 conodonts (Huddle 1981) , exhibit the presence of P -I biofacies with polygnathids constituting 66% and icriodids 34% of Bultynck et al. (2001) . Upper view of a juvenile specimen. Anterior trough margins are clearly seen, although the outer one is less bowed than those in P. ansatus representatives illustrated by Ziegler et al. (1976, pl. 2, figs 11-26) . Other attributes, including the geniculation points located opposite each other and the anterior trough margins, which meet the free blade at the same position, conform to the species diagnosis (see Ziegler et al. 1976). all forms. Polygnathids are represented almost exclusively by P. linguiformis, while no data are available on the occurrence of P. ansatus. The assemblages from the samples collected by P. Bultynck (Table 2) shows a variable proportion of P and I elements and a dominance of P. linguiformis among polygnathids. The dominance is, however, much less pronounced in the uppermost sample from the Carpenter Falls Bed where notably P. ansatus (6%) appears (absent in the samples below).
Anti-Atlas (Morocco): Tafilalt Platform
Analysed data (Table 2) 
Anti-Atlas (Morocco): Ma'der Basin
The data include samples 7 and 8 from the Bou Dîb section (Narkiewicz & Bultynck 2010) , probably from the upper part of the ansatus Zone. Sample 7 is characterized by P biofacies with a large proportion of P. linguiformis (43%) and few Ozarkodina Branson & Mehl, 1933a . Sample 8 belongs to the P -I biofacies with a low percentage of P. linguiformis (20%), few P. ansatus, some Panderodus Ethington, 1959 and a surprisingly high proportion of Belodella (16%). It is difficult to decide which of the two samples is more representative, as there is a probability that Sample 8 (crinoidal limestone) may contain redeposited, more shallow-water material. It can be noted, however, that the presence of P -I biofacies in basinal facies (and absence of 'deeper-water' Palmatolepisdominated assemblages) was also found in the Upper Frasnian of the Anti-Atlas by Belka & Wendt (1992) .
Montagne Noire (southern France)
Investigated samples from the Taghanic Event Interval cover 32 cm in the Col de Tribes South (CTS) section and 232 cm in the Pic de Bissous (PB) (Aboussalam 2003) . A low conodont frequency is typical (,50 specimens per sample) with only 2 samples (out of 11 analysed) that yielded .100 specimens per sample. In PB the transgressive level (26a/26b beds boundary) is not marked by any significant sediment and conodont biofacies change (P biofacies throughout), except for the appearance of rare P. ansatus and a single Tortodus. Polygnathus linguiformis remains important (62 -96%) below and above the interval boundary. In CTS the conodont biofacies is similar, with dominant polygnathids, single icriodids and an accessory presence of Tortodus. Polygnathus ansatus is very rare (one specimen in a single sample). Rare Belodella (4%) occurs only in a single sample of grained-skeletal limestone from CTS.
Central Pyrenees (Spain)
The analysed conodont material was obtained from four sections comprising a succession of Givetian limestones, 20 -30 m thick, and thus showing a moderate stratigraphic condensation (see Table 2 for references). The overall specimen frequency is poor, rarely attaining more than 20 specimens per sample, which is a particularly low number given the large size of the samples processed. In general, the assemblages are dominated by polygnathids with a highest proportion of P. linguiformis. The ansatus Zone interval does not reveal any clear depositional record of a transgressive event. In the Compte section (Liao & ValenzuelaRios 2008 ) the lower part of the ansatus interval (well-bedded limestones) exhibits mostly P biofacies with single samples characterized by P -I and I -P biofacies. The dominance of P biofacies starts approximately parallel to an onset of nodular marly limestones, which may possibly reflect the Taghanic transgression level. There is also the suggestion of a concomitant P. linguiformis increase, while Tortodus appears higher (from bed 41a upwards).
SE Tien-Shan (Central Asia)
Notable are relatively low conodont frequencies, particularly in view of a stratigraphic condensation of the Middle Devonian, which is 34 m thick, the Polygnathus varcus Zone being 4.5 m thick. Polygnathids prevail, while icriodids are present in one sample (out of three). This sample, which is also relatively impoverished in P. linguiformis, may contain a redeposited shallow-water admixture in background pelagic sediments. Polygnathus ansatus is present, albeit in low percentages.
Interpretation and discussion
Construction of a global biofacies model: general problems
A common approach to a palaeoecological interpretation of conodonts is to analyse distributional patterns of particular biofacies or taxa against different sub-environments along the nearshore -offshore profile of a marine basin, thus similar to the example in Figure 7 (for published examples, see Dreesen & Thorez 1980; Sparling 1984; Sweet 1988) . Is it possible to construct such a general model for the investigated ansatus Zone interval?
The first difficulty encountered when trying to accomplish this task is a proper correlation of compared conodont assemblages. The most general problem, that is, the placement of the studied material in a comparable time-evolutionary framework, was already mentioned in the introduction. In that respect it may be argued that, given the narrow timeinterval of a single conodont zone and a lack of any important extinction -speciation events during that time, we are likely to be dealing with a coherent set of data.
The other question is that of representativeness and comparability of particular sections/basins in terms of the initiation and early stages of the global Taghanic transgression. As we have seen in the Polish Lublin Basin, there is a considerable fine-scale vertical variability in the biofacies succession, which is apparently correlated with transgression dynamics (Fig. 6) . To overcome this, the lateral biofacies changes were analysed based on data representing a comparable, earliest stage of the transgression (Fig. 5) . The analysed global record in some cases (Manitoba, Ardennes) does exhibit a suggestion of a vertical succession from 'shallower' icriodid-rich to 'deeper' polygnathid-rich biofacies. In most examples, however, the record appears to be either reverse, that is, shallowing-upwards (Boulonnais, ?New York) or showing hardly any vertical gradient at all. In the case of deeper-marine pelagic facies (Montagne Noire, Central Pyrenees, SE TienShan) the sedimentary evidence of the transgression may be absent or its record very subtle. It may be concluded that at this stage of investigations it is impossible to achieve an adequate time-resolution to precisely correlate either the initiation of the Taghanic transgression (which may be diachronous within the ansatus Zone interval) or its various stages (e.g. subordinate pulses, maximum flooding phases etc.) in different basins and sections. Therefore, the conodont data analysed in this paper may be treated only as generalized information on a range of biofacies occurring in the investigated ansatus Zone interval.
The next difficulty in constructing a global biofacies model is the problem of potential bias introduced by provincialism and/or endemism of conodonts. Although the investigated interval marks a period of increased cosmopolitism and, at the same time, a lowered number of endemic taxa (Klapper & Johnson 1980) , there is still a remarkable biogeographical conodont variability. In particular, several important icriodid taxa are endemic (most probably I. latecarinatus) while others (I. difficilis, Icriodus brevis Stauffer, 1940) seem to have a worldwide distribution. Moreover, although the Euramerican faunas seem to be particularly rich and diverse, other areas show impoverishment in certain taxa, even on a generic level, like the poor representation of icriodids in the Middle Devonian faunas of East Australia (Mawson & Talent 1989) . The cited authors report a scarce occurrence of P. ansatus but its presence is doubtful as the illustrated specimens either apparently belong to Polygnathus hemiansatus Bultynck, 1987 (Mawson & Talent 1989 or their poor preservation precludes exact identification (Mawson & Talent 1989, pl. 3, fig. 21 ). It seems, therefore, possible that P. ansatus is absent from the Australian sections, probably due to palaeobiogeographical factors.
The problem of conodont palaeobiogeography is connected with a general question of environmental limits of conodont occurrences in oceanic and deeper-marine conditions (cf. Klapper & Barrick 1978) . Neither of the analysed global settings represents a true oceanic or bathyal realm but three of them, Montagne Noire, Central Pyrenees and SE Tien-Shan, can be attributed to terranes or microcontinents separated by oceanic areas from Euramerica and Gondwana (Fig. 1) . They represent mostly pelagic environments, probably submarine elevations without any clear connections to coastal belts of epicontinental basins. With a few exceptions (e.g. Montagne Noire, cf. Table 2 ) the conodont abundances per sample are notably low. This is even more striking if we take into account the stratigraphically condensed nature of the discussed strata (see above), meaning that for the same timeinterval the conodont abundance in, say, the SE Tien-Shan area, was an order of magnitude lower than in the Polish or Belgian sections. It is worth noting that a similar low conodont frequency is typical for the mid-Givetian condensed limestones associated with submarine rises surrounded by deeper basins in the Rhenish area of Germany (Lottmann 1990; Aboussalam 2003) . Apparently, these environments were very sparsely inhabited (or perhaps it is better to say, rarely visited) by conodonts when compared with the typical epicontinental basins analysed here.
Such rare occurrences suggest that we are dealing with environments in which the presence of conodonts was an exception rather than a rule and that were marginal to their typical habitats. The notion of a conodont biofacies in such settings (cf. Table  2 ) clearly has a different meaning than that for the shallow-water epicontinental shelves of Poland, Belgium or New York. For example, when saying that the P biofacies was characteristic of the ansatus Zone in SE Tien-Shan, we are not implying that polygnathids thrived there. Instead, we mean that those rare conodonts that for some reason entered this area were mostly polygnathids. Such observations suggest that polygnathids, being generally more deeper-water and/or offshore taxa than icriodids (e.g. Weddige & Ziegler 1976; Klapper & Barrick 1978; Sparling 1984) , had a higher survival potential in oceanic conditions and were more likely candidates for occasional trans-oceanic migration than e.g. icriodids (cf. Klapper & Johnson 1980) . But, at the same time, the discussed examples cannot be simply and uncritically incorporated into any global conodont biofacies model together with areas of a 'normal' conodont occurrence.
'Nearshore-offshore' biofacies model
Having the above limitations in mind it seems possible to construct a biofacies model confined to epicontinental basins of Euramerica and, partly, Gondwana continents (with the exclusion of East Australia; Mawson & Talent 1989) . Figure 9a shows a composite shelf profile that is an idealized scheme combining data from the analysed localities attributable to shallow-water carbonate-terrigenous shelf to carbonate platform and outer shelf environments. Manitoba is here regarded as representative of most proximal, nearshore facies, comparable to the Terebiń IG 5 setting of the Lublin Basin (cf. Fig. 7 ) but perhaps more shallow-water and/or nearshore and with less terrigenous, riverine clastic input. The Boulonnais and Ardennes sections are attributed to a carbonate platform drowned by the initial Taghanic transgression, that is, onlapped by subtidal marly facies with abundant benthic shallow-water fauna. It should be stressed that the position of the platform indicated in Figure 9a does not imply that it formed a barrier to the more shoreward part of the shelf, which otherwise exhibits evidence of open-marine conditions and thus good connection with the distal outer shelf. The latter, based on data from New York, is placed seawards of the carbonate platform, which, again, does not reflect the original position in the basin and is shown here only for the sake of model completeness.
As may be seen in Figure 9a , the distribution of particular biofacies does not reflect any clear onshore-offshore pattern, in particular the transition from I to P biofacies that could have been anticipated taking into account previous interpretations (Schumacher 1976; Weddige & Ziegler 1976; Klapper & Barrick 1978; Sparling 1984) . Instead, the I biofacies was found rather unexpectedly in the drowned carbonate platform setting and not in the most nearshore position exemplified by the Manitoba and Lublin sections. The latter may, in fact, represent slightly offshore portions of the shelf flooded by the Taghanic transgression, and the 'pure' icriodid biofacies are yet to be found in more proximal settings. It can be also noted that the I biofacies is associated with the second, weaker pulse of the transgression in the Lublin area (Fig. 6) . The interpreted facies were shallower water and, at the same time, exhibited less terrigenous admixture than those inferred for the initial transgression.
Apart from the drowned platform and probable shallow-water/nearshore settings attributable to the I biofacies, the conodont biofacies based on I/P ratio do not appear to be particularly diagnostic with respect to shelf sub-environments. The latter are characterized by mixed polygnathid-icriodid assemblages representative of P-I, partly I -P, biofacies. This more or less uniform pattern is considerably complicated when taking into account the distribution of P. linguiformis and P. ansatus (Fig.  9a) . The former species exhibits a clear onshore to offshore increase in abundance and, at the same time, absence from the drowned platform facies. It attains absolute dominance in outer shelf facies of New York, both in total conodont counts and versus other polygnathids. Polygnathus ansatus, on the other hand, seems to reach its peak abundance in more proximal shelf settings, with rare occurrences also in a flooded carbonate platform and in outer shelf environments. Thus, it can be concluded that the ansatus/linguiformis ratio is more diagnostic in terms of the analysed biofacies models than the classic I/P ratio. The accessory genera are too rare in the investigated interval to draw any sound conclusions as to their importance as environmental indicators. Nevertheless, it can be noted that in Euramerican sections Belodella is confined to the most nearshore settings while Tortodus occurs on drowned carbonate platforms.
Conclusions
(1) In view of the analysed Polish and global evidence, construction of a universal conodont biofacies model for the Taghanic transgressive interval of the ansatus Zone is difficult, if ever possible. The main obstacles are the problem of providing a precise time-framework correlated with phases of the transgression, and the variability in palaeobiogeographical distribution of conodonts, including limits of their general global occurrence. (2) The Polish Lublin Basin example demonstrates that biofacies successions can reflect significant short-term temporal changes of the transgression dynamics, unresolvable in terms of the current conodont zonation. These different phases should be taken into account when analysing lateral biofacies distribution, which ought to refer to a consistent, geologically instantaneous transgression phase. (3) The quantitative biofacies studies should take into account the factor of a depositional rate of conodont-bearing sediments. The biofacies concept is to be applied with caution to stratigraphically condensed strata from the settings that appear marginal in respect to mid-Givetian conodont occurrences, e.g. palaeogeographically isolated mid-oceanic and/or deep pelagic environments. In such environments conodont assemblages are commonly poor and are dominated by P. linguiformis that seem to be rare immigrants from epicontinental seas.
(4) It is possible and potentially useful to construct regional biofacies models for narrow, clearly defined age intervals, like that presented in this study for the Lublin Basin in SE Poland. Such models should not only include a 3D approach to biofacies distribution against regional palaeogeography and depositional facies (Belka & Wendt 1992 ), but they also need to take into account the fourth dimension, that is, the factor of time (see the second point above). (5) The more general nearshore -offshore biofacies 2D model proposed in this study is based on selective data from epicontinental shallow-marine basins of Euramerica. Whereas icriodid and I -P biofacies seem to characterize shallow, nearshore facies and drowned carbonate platforms, the I/P ratio is hardly diagnostic for other shelf settings. It is here argued that the P. ansatus/P. linguiformis ratio can be more useful than I/P in differentiating inner parts of the shelf (higher values) v. outer shelf environments (lower values).
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